We report on a measurement of the B 0 d mixing frequency and the calibration of an opposite-side flavor tagger in the D0 experiment. Various properties associated with the b quark on the opposite side of the reconstructed B meson are combined using a likelihood-ratio method into a single variable with enhanced tagging power. Its performance is tested with data, using a large sample of reconstructed semileptonic B ! D 0 X and B ! D X decays, corresponding to an integrated luminosity of approximately 1 fb ÿ1 . The events are divided into groups depending on the value of the combined tagging variable, and an independent analysis is performed in each group. Combining the results of these analyses, the overall effective tagging power is found to be "D 2 2:48 0:21 0:08 ÿ0:06 %. The measured B 0 d mixing frequency m d 0:506 0:020stat 0:016syst ps ÿ1 is in good agreement with the world average value.
We report on a measurement of the B 0 d mixing frequency and the calibration of an opposite-side flavor tagger in the D0 experiment. Various properties associated with the b quark on the opposite side of the reconstructed B meson are combined using a likelihood-ratio method into a single variable with enhanced tagging power. Its performance is tested with data, using a large sample of reconstructed semileptonic B ! D 0 X and B ! D X decays, corresponding to an integrated luminosity of approximately 1 fb ÿ1 . The events are divided into groups depending on the value of the combined tagging variable, and an independent analysis is performed in each group. Combining the results of these analyses, the overall effective tagging power is found to be "D 2 
I. INTRODUCTION
Particle-antiparticle mixing in the B 0 (B 0 d ) system has been known for more than a decade now [1] and has been studied at the CERN LEP collider and subsequently at the Fermilab Tevatron collider during run I, between 1992 and 1996. It is currently being measured at the B-factory experiments, Belle and BABAR, and the Fermilab Tevatron collider experiments in the run II phase which started in 2002.
Mixing measurements involve identifying the ''flavor'' of the B 0 meson at production and again when it decays, where flavor indicates whether the meson contained a b or a b quark. The decay flavor is identified from the B 0 decay products when the B 0 meson is reconstructed. The determination of the initial flavor is known as flavor tagging.
The B 0 d meson flavor at its production can be identified with information from the reconstructed side or from the opposite side (see Fig. 1 ). One can tag the flavor using charge correlation between ''fragmentation tracks'' associated with the reconstructed B meson. Such correlations were first observed in e e ÿ ! Z 0 ! b b events by the OPAL experiment [2] . This is known as ''same-side flavor tagging.'' The flavor can be inferred also from the decay information of the second B meson in the event, assuming that b and b are produced in pairs, and thus in the ideal case, the two mesons have opposite flavors. This method is known as ''opposite-side flavor tagging.'' An advantage of the latter method is that its performance should be independent of the type of the reconstructed B meson.
Measurement of the B 0 d mixing parameter is an important test of the opposite-side flavor tagging as the same tagger is used for our study of B s mixing. Studies of tagged B 0 and B samples at hadron colliders could reveal physics beyond the standard model [3] . Flavor tagging performances and optimization in e e ÿ colliders is very different from the performances and optimization techniques at hadron colliders. Hence studies of flavor tagging at Tevatron will be useful also for future hadron collider experiments at the Large Hadron Collider at CERN.
This paper describes the opposite-side flavor tagging algorithm used by the D0 experiment in run II and the measurement of its performance using B ! D 0 X and B ! D ÿ X events. Throughout the paper, a reference to a particular final state also implies its charge conjugated state. B decays represent the main contribution to the B ! D 0 X sample, and B 0 decays dominate in the B ! D ÿ X sample. We measure the flavor tagging purity independently for reconstructed B and B 0 events and then extract the B 0 oscillation frequency. This technique allows us to verify the assumption of independence of the opposite-side flavor tagging on the type of reconstructed B meson. Its performance is described by the two parameters, efficiency and dilution. The efficiency " is defined as the fraction of reconstructed events (N tot ) that are tagged (N tag ):
The dilution D is a normalized difference of correctly and wrongly tagged events:
where P N cor =N tag is called the purity. The terms ''correctly'' and ''wrongly'' refer to the determination of the reconstructed B meson flavor. The effective tagging power of a tagging algorithm is given by "D 2 .
II. DETECTOR DESCRIPTION
The D0 detector is described in detail elsewhere [4] . The main features of the detector essential for this analysis are summarized below. Tracks of charged particles are reconstructed from the hits in the central tracking system, which consists of the silicon microstrip tracker (SMT) and the central fiber tracker (CFT), both located in a 2 T superconducting solenoidal magnet. The SMT has 800 000 individual strips, with a typical pitch of 50-80 m and a design optimized for tracking and vertexing capability for jj 3. The pseudorapidity, ÿ lntan=2, approximates the true rapidity, y 1 2 lnE p z c=E ÿ p z c, for finite angles in the limit of mc 2 =E ! 0, being the polar angle. We use the term ''forward'' to describe the regions at large j j . The SMT system consists of six barrels arranged longitudinally (each with a set of four layers of silicon detectors arranged axially around the beam pipe), interspersed with 16 radial disks. The CFT has eight thin coaxial barrels, each supporting two doublets of overlapping scintillating fibers of 0.835 mm in diameter, one doublet being parallel to the beam axis and the other alternating by 3 relative to this axis. Light signals are transferred via clear light fibers to solid-state photon counters (VLPCs) that have 80% quantum efficiency.
The muon system consists of a layer of tracking detectors and scintillation trigger counters in front of 1.8 T toroids, followed by two additional similar layers after the toroids. Muon tracking for jj < 1 relies on 10-cmwide drift tubes, while 1-cm mini drift tubes are used for 1 < jj < 2.
Electrons are identified using matching between the tracks identified in the central tracker and energy deposits in a primarily liquid-argon/uranium sampling calorimeter [4] . We also use the energy deposits in the central preshower detector [4] , which consists of three concentric cylindrical layers of triangular scintillator strips and is located in a nominal 5 cm gap between the solenoid and the central calorimeter, to provide additional discrimination between electrons and fakes. The calorimeter consists of the inner electromagnetic section followed by the fine and coarse hadronic sections. In this analysis, we only use the central calorimeter ( j j <1). 
III. DATA SAMPLE AND EVENT SELECTION
The flavor tagging procedure is developed using events from the D 0 sample. Events from the D sample are used to measure the purity of the flavor tagging and the oscillation parameter m d . In addition, the purity is measured in the D 0 sample to test the hypothesis that the flavor tagger is independent of the type of reconstructed B meson.
Muons for this analysis are required to have hits in more than one muon chamber, an associated track in the central tracking system with hits in both SMT and CFT detectors, transverse momentum p T > 2 GeV=c, as measured in the central tracker, pseudorapidity j j < 2, and total momentum p > 3 GeV=c.
All charged particles in a given event are clustered into jets using the DURHAM clustering algorithm [5] with the cutoff parameter set to 15 GeV=c. Events with more than one identified muon in the same jet or with the reconstructed J= ! ÿ decays are rejected. D 0 candidates are constructed from two tracks of opposite charge belonging to the same jet as the reconstructed muon. Both tracks are required to have transverse momentum p T > 0:7 GeV=c and pseudorapidity jj < 2. They are required to form a common D vertex with a fit 2 < 9, number of degrees of freedom being 1. For each track, the projection T (onto the axial plane, i.e. perpendicular to the beam direction) and projection L (onto the stereo plane, i.e. parallel to the beam direction) of its impact parameter with respect to the primary vertex, together with the corresponding uncertainties T ; L are computed. The combined impact parameter significance 
IV. VISIBLE PROPER DECAY LENGTH
The oscillations of B mesons are usually studied as a function of their proper decay length. Since in semileptonic B decays an undetected neutrino carries away part of the energy, the proper decay length cannot be accurately measured. Instead, a visible proper decay length (VPDL) is used in this analysis. It is defined as
Here L xy is a vector in the plane perpendicular to the beam direction from the primary to the B meson decay vertex. The transverse momentum P 
V. DESCRIPTION AND COMBINATION OF FLAVOR TAGGERS
Many different properties can be used to identify the initial flavor b or b of a heavy quark fragmenting into a reconstructed B meson. Some of them have strong separation power, while others are weaker. In all cases, their combination into a single tagging variable gives a significantly better result than that in the case of their separate use. We build such a combination with the likelihood-ratio method described below. We first describe the combination algorithm and then discuss the discriminating variables used.
A. Combination of variables
We construct a set of discriminating variables x 1 ; . . . ; x n for a given event. 
A given variable x i may not be defined for some events. For example, there are events that do not contain an identified muon on the opposite side. In this case, the corresponding variable r i is set to 1. An initial b flavor is more probable if r < 1, and a b flavor is more probable if r > 1. By construction, an event with r < 1 is tagged as a b quark and an event with r > 1 is tagged as a b quark. For an oscillation analysis, it is more convenient to define the tagging variable as
By construction, the variable d ranges between ÿ1 and 1. An event with d > 0 is tagged as a b quark and with d < 0 as a b quark, with higher jdj values corresponding to higher tagging purities. For uncorrelated variables x 1 ; . . . ; x n , and perfect modeling of the pdf, d gives the best possible tagging performance, and its absolute value provides a measure of the dilution of the flavor tagging defined in Eq. (2).
Very often, the analyzed events are divided into samples with significantly different discriminating variables and tagging performances. This division would imply making a separate analysis for each sample and combining the results at a later stage. In contrast to this approach, the tagging variable d defined by Eqs. (4) and (5) provides a ''calibration'' for all events, regardless of their intrinsic differences. Since the absolute value of d gives a measure of the dilution of the flavor tagging, events from different categories but with a similar absolute value of d can be treated in the same way. Thus, another important advantage of this method of flavor tagging is the possibility of building a single variable having the same meaning for different kinds of events. It allows us to classify all events according to their tagging characteristics and use them simultaneously in the analysis.
All of the discriminating variables used in this analysis are constructed using the properties of the b quark opposite to the reconstructed B meson (''opposite-side tagging''). Since an important property of the opposite-side tagging is the independence of its performance of the type of reconstructed B meson, it can be calibrated in data by applying tagging to the events with B 0 and B decays. The measured performance can then be used to study B 0 s meson oscillations, as an example.
The probability density functions for each discriminating variable discussed below are constructed using events from the D 0 sample with 0 < VPDL < 500 m. In this sample, the decay
give a 16% contribution to the sample and, due to the cut on VPDL, contains mainly nonoscillated B 0 d decays, as determined by Monte Carlo (the standard PYTHIA generator v6.2 [6] generation, followed by decay of B mesons with EVTGEN decay package [7] , passed through GEANT v3.15 [8] modeling of the detector response, followed by event reconstruction).
The initial flavor of a b quark is therefore determined by the charge of the muon. Estimates based on Monte Carlo simulation indicate that the purity of the initial flavor determination in the selected sample is 0:98 0:01, where the uncertainty is due to the uncertainties in measured branching fractions of B meson decays.
For each discriminating variable, the signal band containing all events with 1:80 < MK < 1:92 GeV=c 2 and the background band containing all events with 1:94 < MK < 2:2 GeV=c 2 are defined. The pdf's are constructed as the difference in the distributions. The latter distributions are normalized by multiplying them by 0.74 so that the number of events in the background band corresponds to the estimated number of background events in the signal band.
B. Flavor tagger discriminants
We now describe the variables used. An additional muon is searched for in each analyzed event. This muon is required to have at least one hit in the muon chambers and to have cosp ; p B < 0:8, where p B is the threemomentum of the reconstructed B meson, and is the angle between the vectors p and p B . If more than one muon is found, the muon with the highest number of hits in the muon chambers is used. If more than one muon with the same number of hits in the muon chambers is found, the muon with the highest transverse momentum p T is used. For this muon, a muon jet charge Q J is constructed as
where q i is the charge and p i T is the transverse momentum of the ith particle, and the sum is taken over all charged particles, including the muon, satisfying the condition R 2 2 p < 0:5, where and are computed with respect to the muon direction. Daughters of the reconstructed B meson are explicitly excluded from this sum. In addition, any charged particle with cosp; p B > 0:8 is excluded. The distribution of the muon jet charge variable is shown in Figs. 5(a) and 5(b). In these plots, q rec gives the charge of the b quark in the reconstructed B ! D 0 decay, in this case given by the muon charge. We build separate pdf's for muons with hits in all three layers of the muon detector, Fig. 5(a) , and for muons with fewer than three hits, Fig. 5(b) .
In addition to the muon tag, reconstructed electrons with cosp e ; p B < 0:8 are also used for flavor tagging. The electron is reconstructed by extrapolating a track to the calorimeter and adding up the energy deposited in a narrow tube or ''road'' around the track. Calorimeter cells are collected around the track extrapolated positions in each layer and the total transverse energy of the cluster is defined by the sum of the energies in each layer. The electrons are required to be in the central region (jj < 1:1), with p T > 2 GeV=c. They are required to have at least one hit each in the CFT and SMT. They are required to have energy deposits in the electromagnetic calorimeter consistent with an electron, 0:550:5 < E=p < 1:01:1, and low energy deposit in the hadron calorimeter, i.e. the electromagnetic fraction EMF > 0:80:7. The cuts are looser for electrons with p T > 3:5 GeV=c and are given in parentheses. EMF and E=p are calculated as below:
where E T i is the transverse energy within the road in the ith layer. We also require a minimum single layer cluster energy of a cluster in the central preshower, CPS SLC E > 4:02:0 MeV=c. The cuts are optimized by studying electrons from conversion decays ( ! e e ÿ ) and fakes from K 0 S ! ÿ decays to obtain a 90% purity for electrons. For these electrons, an electron jet charge (Q e J ) is constructed in the same way as the muon jet charge, Q J . The distribution of the electron jet charge variable is shown in Fig. 5(c) .
An additional secondary vertex corresponding to the decay of a B hadron is searched for, using all charged tracks in the event excluding those from the reconstructed B hadron. The secondary vertex is also required to contain at least two tracks with an axial impact parameter significance greater than 3. The distance l xy from the primary to the secondary vertex must also satisfy the condition: l xy > 4l xy . The details of the secondary vertex identification algorithm can be found in Ref. [9] . The three-momentum of the secondary vertex p SV is defined as the vector sum of the momenta of all tracks included in the secondary vertex. A secondary vertex with cosp SV ; p B < 0:8 is used for flavor tagging. A secondary vertex charge Q SV is defined as the third discriminating variable
where the sum is taken over all tracks included in the secondary vertex. Daughters of the reconstructed B meson are explicitly excluded from this sum. In addition, any charged particle with cosp; p B > 0:8 is excluded.
Here p i L is the longitudinal momentum of track i with respect to the direction of the secondary vertex momentum p V . A value of k 0:6 is used, taken from previous studies at LEP [10] . We verified that this value of k results in the optimal performance of the Q SV variable. Figures 6(a) and 6(b) show the distribution of this variable for the events with and without an identified muon flavor tag.
Finally, the event charge Q EV is constructed as
The sum is taken over all charged tracks with 0:5 < p T < 50 GeV=c and having cosp; p B < 0:8. Daughters of the reconstructed B meson are explicitly excluded from this sum. The distribution of this variable is shown in Fig. 6(c) . For each event with an identified muon, the muon jet charge Q J and the secondary vertex charge Q SV are used to construct a muon tagger. For each event without a muon but with an identified electron, the electron jet charge Q e J and the secondary vertex charge Q SV are used to construct an electron tagger. Finally, for events without a muon or an electron but with a reconstructed secondary vertex, the secondary vertex charge Q SV and the event jet charge Q EV are used to construct a secondary vertex tagger. The resulting distribution of the tagging variable d for the combination of all three taggers, called the combined tagger, is shown in Fig. 7 . The performances of these taggers are discussed in the following sections.
VI. MULTIDIMENSIONAL TAGGER
In addition to the flavor tagger described in Sec. V, an alternative algorithm is developed also and used to measure B 0 mixing. This tagger is multidimensional, i.e., the likelihood functions it is based on depends on more than a single variable. In addition, the pdf's are determined from simulated events, while the primary flavor tagger described in Sec. V uses data to construct the pdf's. The multidimensional tagger therefore provides a cross-check of the primary algorithm.
If, as before, we have a set of discriminants x 1 ; . . . ; x n , the likelihood that the meson has flavor b at the time of creation can be written as Lb; x 1 ; . . . ; x n . A similar expression L b; x 1 ; . . . ; x n holds for the likelihood for b. These likelihoods relate to the variable d as
This definition is similar to Eq. (5). The likelihoods are obtained from the simulated samples of B ! J= K with J= ! ÿ . This final state does not oscillate and is therefore flavor-pure. The B ÿ ! J= K ÿ sample is used to obtain Lb, while L b is determined from B ! J= K sample. In practice, the likelihoods are stored as multidimensional histograms (with one dimension per discriminating variable) with the bin content normalized to the total number of events in the sample. For a given event, the tagger output d is obtained by substituting the appropriate normalized bin contents into Eq. (8) .
In addition to the discriminating variables introduced in Sec. V, other variables are used for the multidimensional tagger. For each identified opposite-side muon, the transverse momentum p T relative to the beam axis and transverse momentum p Sec. III. For each reconstructed opposite-side secondary vertex, the secondary vertex transverse momentum p SV T is computed by taking the magnitude of the transverse projection of the vector sum of all tracks in that vertex. In principle, all discriminating variables can be combined into a single multidimensional likelihood. However, since a binned likelihood is used, in order to achieve a reasonable resolution in any given discriminant, the binning must be fine enough to resolve its useful features. In practice, because of limited simulation statistics, this means that discriminating variables must be chosen wisely when making a combination.
All Fig. 8 . They are made by applying the taggers to the simulated B ! J= K samples from which they are created. The final multidimensional tagger used the following logic to decide which of its subtaggers to use. For events containing a muon and a secondary vertex, the Tag SV is used. If the opposite-side contained a muon and no secondary vertex, the Tag ÿ SV is used. If the opposite-side contained an electron, the electron tagger described in Sec. V is used. Note that this tagger is not multidimensional and is not derived from simulation. If the opposite-side contained a secondary vertex, the TagSV ÿ is used.
VII. ASYMMETRY FIT PROCEDURE
The performance of the flavor tagging and measurements of the B 0 mixing frequency m d are obtained from a study of the dependence of the flavor asymmetry on the B-meson decay length.
The flavor asymmetry A is defined as
Here N nos is the number of nonoscillated 
A. Mass fit
In this section we describe the mass fitting procedure. The fitting function is chosen to give the best region is adequately described by an exponential function:
where x is the K mass. The peak in the background to the left of the signal is due to events in which D mesons decay to KX where X is not reconstructed. It is modeled with a bifurcated Gaussian function:
Here 0 is the mean of the Gaussian, and L and R are the two widths of the bifurcated Gaussian function. The signal has been modeled by the sum of two Gaussians:
where N sig is the number of signal events, 1 and 2 are the means of the Gaussians, 1 and 2 are the widths of the Gaussians, and r 1 is the fractional contribution of the first Gaussian. The complete fitting function, which has 12 free parameters, is
The low statistics in some VPDL bins, which have as few as ten events after flavor tagging, do not permit a free fit to this function. Consequently, some parameters had to be constrained or fixed. In order to do this, it is necessary to show that the constraints on the parameters are valid for all of the VPDL bins. Unconstrained fits are performed to several high statistic samples, and the set of all events is used as a reference fit. Events are divided into VPDL bins and fitted to investigate the VPDL dependence of the fit results. In addition, three samples are made to test whether the presence of a flavor tag changes the mass spectrum: all tagged events over the entire VPDL range, all events in the short VPDL range [0, 0.05] tagged as opposite-sign events, and all events in VPDL range [0, 0.05] tagged as same-sign events.
This study showed that the width, position, and the ratio of the signal Gaussians, as well as the position and widths of the bifurcated Gaussian describing the background can be fixed to the values obtained from the fit to the total D 0 or D mass distribution. This left four free parameters: the numbers of events in the signal peak, background peak, and exponential background, and the slope constant of the exponential background. Examples of the fits to the K mass distribution in different VPDL bins are shown in Fig. 9 .
The number of D candidates is estimated using the distribution of (M K ÿ ÿ ÿ M K ÿ ), shown in Fig. 2 . In this case, the signal is modeled with two Gaussians as described by Eq. (12) and the background by the product of a linear and exponential function f bkg x a1 cx ÿ x 0 e xÿx 0 =b 0 ; (14) where x is the mass difference (M K ÿ ÿ ÿ M K ÿ ) in this equation. 
B. Expected flavor asymmetry
For a given type of B q meson q u; d; s, the distribution of the visible proper decay-length L is given by
Here The transition from the true to the experimentally measured visible proper decay-length L M is achieved by integration over the K-factor distribution and convolution with the resolution function:
Here R j L ÿ L M is the detector resolution in the VPDL, and " j L is the reconstruction efficiency for a given channel j of B q meson decay. The step function L forces L to be positive in the integration. L M can be negative due to resolution effects. The function D j K is a normalized distribution of the K-factor in a given channel j, obtained from simulated events.
In addition to the main decay channel B ! D 0 X, the process c c ! D 0 X contributes to the selected final state. A dedicated analysis is developed to study this process, both in data and in simulation. It shows that the pseudo decay length, constructed from the crossing of the and D 0 trajectories, is distributed around zero with 150 m. The distribution N c c L M of the VPDL for this process is taken from simulation. It is assumed that the production ratio c ! D =c ! D 0 is the same as in semileptonic B decays and that the flavor tagging for the c c events gives the same rate of oscillated and nonoscillated events. The fraction f c c of c c events is obtained from the fit.
Taking into account all of the above-mentioned contributions, the expected number of (non)oscillated events in the ith bin of VPDL is
Here the integration R i dL M is taken over a given interval i, the sum P j is taken over all decay channels B q ! D 0 X contributing to the selected sample, and Br j is the branching fraction of channel j.
Finally, the expected value of asymmetry, A 
The expected asymmetry can be computed both for the D and the D 0 samples. The only difference between them is due to the different relative contributions of various decay channels of B mesons.
For the computation of A e i , the B meson lifetimes and the branching fractions Br j are taken from the Particle Data Group (PDG) [11] . They are discussed in the following section. The functions D j K, R j L, and " j L are obtained from MC simulation. Variations of these inputs within their uncertainties are included in the systematic uncertainties. 
C. Sample composition

There is a cross-contamination between the
and for the D 0 sample:
Here BrB ! D 0 is estimated using the following inputs:
BrB ! X 10:73 0:28 10 ÿ2 ; 
BrB ! D 0 ! D ÿ X is estimated from the following inputs [12, 13] : and assuming Brb ! B 0:397 0:010 [11] . The usual practice in estimating this decay rate is to neglect the contributions of the decays D ! D . However, the above data allows us to take these decays into account. Neglecting the decays D ! D , the available measurements can be expressed as
From these relations and using the above measurements, we obtain
All other factors for the BrB ! D ! D X are obtained assuming the following relations,
BrB ! D ! DX is estimated from the following inputs:
To estimate branching fractions for B 0 s decays, BrB 0 s ! D ÿ s X 7:9 2:4 10 ÿ2 is taken from Ref. [11] and the following assumptions are used:
where B 
There is no experimental measurement of this ratio yet and to estimate the corresponding systematic uncertainty, this ratio is varied between 0 and 1.
Since the D sample is selected by the cut on the mass difference M MD 0 ÿ MD 0 , there is a small additional contribution of B ! D 0 events to the D sample, when D 0 is randomly combined with a pion from the combinatorial background. The fraction of this contribution is estimated using D 0 events. These events are selected applying all the criteria for the D sample, described in Sec. III, except that the wrong charge correlation of muon and pion is required, i.e., the muon and the pion are required to have the same charge. The number of D 0 events is determined using the same fitting procedure as for the D sample, and the additional fraction of B ! D 0 events in the D sample is estimated to be 4:00 0:85 10 ÿ2 . This fraction is included in the fitting procedure and the uncertainty in this value is taken into account in the overall systematics.
In addition to these branching fractions, various decay chains are affected differently by the B meson selection cuts, and the corresponding reconstruction efficiencies are determined from simulation to correct for this effect. 
VIII. RESULTS
For each sample of tagged events, the observed and expected asymmetries are determined using Eqs. (9) 
Here P i is the sum over all VPDL bins. Examples of the 2 fit to the flavor asymmetry minimization given in Eq. (28) is shown in Fig. 10 .
The performance of the flavor tagging method is studied separately for the muon, electron, and secondary vertex taggers using events with jdj > 0:3. Results are given in Tables I, II , and III. All uncertainties in these tables are statistical only and do not include systematic uncertainties. The performances of the combined tagger defined in Sec. V B for events with jdj > 0:3 and the alternative multidimensional tagger defined in Sec. VI for events with jdj > 0:37 are also shown. The cut on jdj is somewhat different for the multidimensional tagger as the calibration is different and we compare the dilutions for the same tag efficiency for the two taggers. The tagging efficiencies shown in Tables I and II 
The multidimensional tagger which used simulation for the description of pdf's as described in Sec. VI gives consistent results both for the m d and the fraction f c c , which is used as a cross-check of the main tagging algorithm.
One of the goals of this analysis is to verify the assumption of independence of the opposite-side flavor tagging on the type of the reconstructed B meson. It can be seen from Tables I and II that the measured flavor tagging performance for B 0 events is slightly better than for B events, both for individual and combined taggers. This difference can be explained by the better selection of D ÿ events Tagger due to an additional requirement of the charge correlation between the muon and pion from D ÿ ! D 0 ÿ decay. The D 0 sample can contain events with a wrongly selected muon. Since the charge of the muon determines the flavor asymmetry, such a background can reduce the measured B dilution. The charge correlation between the muon and the pion suppresses this background and results in a better measurement of the tagging performance.
To verify this hypothesis, a special sample of events satisfying all conditions for the D sample, except the requirement of the charge correlation between the muon and the pion, is selected. The dilution D 0 d for this sample is shown in Table II By construction, the dilution for each event should strongly depend on the magnitude of the tagging variable d. This property becomes important in the B 0 s mixing measurement, since in this case the dilution of each event can be estimated using the value of d and can be included in a likelihood function, improving the sensitivity of the measurement. To test the dependence of the dilution on d, all tagged events are divided into subsamples with 0:1 < jdj 0:2, 0:2 < jdj 0:35, 0:35 < jdj 0:45, 0:45 < jdj 0:6, and jdj > 0:6. The overall tagging efficiency for this sample is 19:95 0:21%. The dilutions obtained are shown in Table I . Their strong dependence on the value of the tagging variable is clearly seen. This allows us to perform a dilution calibration and obtain the measured dilution D d as a function of the predicted value jdj. This is used to provide an event-by-event dilution for the B s mixing analysis and the calibration derived in this analysis is used for the two sided C.L. on B s mixing, obtained by D0 [14] . The overall tagging power, computed as the sum of the tagging powers in all subsamples, is "D 2 d 2:48 0:21%:
The measured oscillation parameters m d for all considered taggers and subsamples are given in Table III . They are compatible with the world average value m d 0:502 0:007 ps ÿ1 [11] in each instance.
The final mixing parameter m d is obtained from the simultaneous fit of the flavor asymmetry in the various tagging variable subsamples defined above. The fraction f c c is constrained to be the same for all subsamples. The result is 
